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PREFACE 
'Ihis is an alternate format thesis. 'Ihe thesis begins with a general 
introduction which is folla;.;ed by a review to be submitted for 
publication. Folla;.;in;J the review are two separate manuscripts also to be 
sul::mitted for publication. A general surnnary and discussion of this 
research concludes the thesis. Gayle B. Brown, the master's candidate, is 
the first author and principal investigator of the research presented. 
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GENERAL INI'ROilJCTION 
'lhe µi:rpose of this research was to extend previous work on 
i.mmunosuppression by bovine viral diarrhea (BVD) virus and to examine the 
effect of in vitro cytokines on neutrophils and lymphocytes from infected 
cattle. 
Previous work on i.mmunosuppression and i.mmunomodulation of bovine 
neutrq:trils is reviewed in the first section. 'Ihis review was written t o 
be useful for practicing veterinarians. 
Persistent BVD infection was previously shown to have decreased 
neutrophil and lymphocyte function (10). To further evaluate the 
suppression of the neutrophil function additional, more sensitive, assays 
were needed. Sensitive kinetic fluorairetric assays to measure the 
oxidative burpt, elastase release and cytoplasmic calcium flux were 
adapted for bovine neutroph.ils based on human neutrophil literature 
(5,6,11). Some initial responses of bovine neutrophils in these assays 
differed from reported results of human neutrophils. In light of these 
differences, a comparison of bovine and human neutrophil responses to 
various neutrophil stimulants was made using these assays. Some 
interesting similarities and differences were observed. 'Ihese data are 
presented in the secorrl section. 
After this verification and firrling a single stimulant suitable for 
all three assays, these assays along with the traditional neutrophil 
assays were used to compare the function of neutrophils from cattle 
persistently infected with BVD virus to those from healthy uninfected 
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cattle arxi to evaluate the in vitro effects of recombinant bovine 
interferon gamma on neutrophil function. In addition, the in vitro effect 
of reo:rnbinant bovine interleukin 2 on lynphocyte blastogenesis was 
evaluated. 'lllese data are presented in the third section of this thesis. 
All three sections will be submitted for publication. 
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SECTION I. 
SUPPRESSION AND ENHANCEMENI' OF NEUI'ROFHIL FUNCTION 
rn rnFECTIOOS DISEASE'S OF CATI'I..E 
5 
INTRO CU CTI ON 
Neut:rq:hils are white blood cells whose primary function is to 
:Etlagocytize arx:l kill microorganisms. 'Ihe inq;x:>rtance of neutrophils in 
controllirg infection is derronstrated by congenital defects that result in 
severe neutropenia or neutrophil dysfunction. These conditions are often 
fatal due to recurrent aro;or overwhelming bacterial infections (70). 
More subtle conditions have been described in which neutrophil function is 
sanewhat suppressed, with relatively nonnal cell counts. These subtle 
defects in neutrophil function predispose the anirral to clinical disease. 
SUppression of neutrophil function has been associated with bovine 
respiratoi:y disease (BRO) (8,25,55,57), bovine rnastitis (38), and young 
calves (31,77,92). A better understanding of the neutrophil suppression 
assc:x:iated with these conditions may lead to ways of modulating the immune 
system to enhance neutrophil function. 
'!his manuscript reviews basic neutrophil physiology, discusses the 
neutrophil suppression assc:x:iated with some infectious diseases of cattle, 
arx:l reviews the current literature on biological resJX>nse modifiers (BRMs) 
used for enhancement of neutrophil function and their JX>tential clinical 
application. 'Ihe immune system is complex and many corrp:ments interact to 
brirg about resistance to infection. 'Ihis manuscript focuses on the 
neutrq:h.il, but it must be kept in rnin:i that suppression or enhancement of 
other aspects of the immune system are also cx::curring and are of great 
inq;x:>rtance. 
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BASIC FHYSIQr.c:x;y OF 'IHE OOVINE NEUI'ROFHIL 
Neutrophils are prc:xluced, stored and released by the bone marrow. 
'lhe bone marrow readily resporrls to a need for neutrophils with increased 
prc:xluction and release; neutrophilia is observed within hours of a severe 
bacterial infection. Once released from the bone marrow neutrophils only 
circulate a few hours before leaving the blcx::xi stream. In nomal tissues 
they will survive for 1-2 days but at sites of inflarnrration survival is 
much shorter ( 42) • 
Neutrophils near the area of inflammation adhere to damaged 
endothelh.nn and cherrotactic factors signal neutrophils to the site of 
inflanunation. 'Ihese cherotactic factors are generated during an 
inflanunato:ry prcx::ess and include products of the complement cascade and 
arachidonic acid metabolism, bacterial products, and platelet activating 
factor. 'Ihe neutrophils squeeze between endothelial cells and follow the 
cherrotactic gradient to arrive at the appropriate site (22). 
In cormective tissue, neutrophils follow the chemotactic gradient 
until they come in contact with microorganisms. Contact is a necessary 
step for ingestion, and cherotactic factors and opsonins are largely 
responsible for its cx:::currence. Opsonins are molecules that bind t o 
microorganisms and facilitate attac.hment of neutrophils with the 
microorganisms. TWo ve:ry important opsonins are antibody ( IgG) and CJb, a 
prc:xluct of the complement cascade. Neutrophils have receptors for the Fe 
portion of IgG antibody and for CJb (22,86). 
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Upon attachment, neutrophils ingest the microorganisms by surrounding 
them with pseudopods from their membrane and incorporating them into a 
membrane bourd va01ole called a phagosorne (22 ,82). 
'!he cytoplasm of neutrophils contains numerous granules (also called 
lysosanes). Bovine neutrophils contain three basic granule types defined 
by their ~ characteristics, tbnin;J of their appearance during 
maturation, and their content . Myeloperoxidase, elastase and other 
hydrolytic enzymes are found in the prinary granules. The secondary 
granules contain proteins including lactoferrin (an iron binding protein) , 
collagenase, and vitamin B12 binding protein (32) . The tertiary granules 
of bovine neutrophils are the m::>St numerous and contain cationic proteins. 
cationic proteins, saretirres called defensins, disrupt the outer membrane 
of many microorganisms causing permeability changes and cytolysis 
~26-28' 85) • \ 
cytoplasmic granules move toward the phagosome upon its formation. 
'Ihe process of degranulation occurs when the granule contacts the 
phagosarre and their m=mbranes fuse fonning a phagolysosome. The granule 
contents, now in contact with the microorganism, begin to digest and 
destroy susceptible organisms (22,32). 
'!he oxidative burst is another potent killing mechanism of the 
neutrq:hil. Drring the process of phagocytosis, oxygen is reduced by an 
enzyme carcplex located in the cell membrane and in the membrane of the 
phagolysosame. Oxygen metabolites such as superox.ide anion (o2- ) , 
hydroqen peroxide (Hz~), hydroxyl radical (OH-), and singlet oxygen (lo2) 
are produced (22,32). 
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A microbicidal system that requires both degranulation and the 
respiratory burst is the myeloperoxidase (MFO) - H2o2 - halide syst em. 
Myeloperoxidase is a granule enzyme that reacts with H2o2 and a halide 
resulti.DJ in the fonnation of very IX>tent bactericidal compounds (i.e., 
hypochlorous acid an:i aldehydes) an:i the icxiination of proteins . This 
system is ex>nsidered the rrost IX>tent killing mechanism of the neutrophil 
(22,40) . 
Antil:>ody-deperxieilt cell-mediated cytotoxicity (AIX'C) is used by 
neutrophils to kill virus infected cells. The neutrophil recognizes the 
Fe portion of the anti.body bourrl to the viral antigen on the cell surface . 
'Ihe neutrophils do not ingest the virus infected cell ; rather they release 
their granule ex>ntents an:i oxygen metabolites extracellularly in an 
atterrpt to kill the cell (17) . Neutrophils also contribute to cellular 
cytotoxicity i.rxieperrlent of anti.body. The mechanism of recognition by the 
neutrophil for antibody i.rrlependent cell-mediated cytotoxicity (AINC) is 
not clear (5,29). 
'Ihe functions (cherrotaxis, phagocytosis, degranulation, oxidative 
burst, AIX!C, AINC) associated with nonnal neutrophil physiology can be 
measured in the laboratory (60,81). By measuring these functions it is 
possible to characterize the defects or the suppression of neutrophil 
function that occurs in infectious diseases. 
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BACI'ERIAL RESISTANCE 'IO NEUrnOm:IL HiAGOCYTOSIS AND KILLING 
Many pathogenic microorganisms have developed mechanisms to survive 
killing by phagocytic cells (21,78,79) . 
Production of toxins is one mechanism used to avoid phagocytic 
killing. Bacterial toxins nay be cytolytic to neutrophils or inhibitory 
to inp:>rtant :functions. staohylcx:::occus aureus produces a toxin called 
leukocidin which alters neutrophil function by its effect on neutrophil 
membranes. Streptolysin O produced by Streptoccx::cus pyogenes inserts into 
neut.ror:hil membranes and makes them penneable to ions and water. The gram 
negative bacteria Pasteurella haernolvtica secretes leukotoxin; this toxin 
is inhibitory to ruminant leukocytes at low concentrations and kills them 
at high concentrations (4,12,13, 75). Ololera toxin and pertussis toxin 
inhibit J;iiagocytic cell lcx:::orrotion and chemotaxis through adenylate 
cyclase activity (45). 
Certain surf ace components on bacteria have antiphagocytic 
properties. 'Ihe capsule, usually c:orrposed of polysaccharide or protein, 
can have many antii;::hagocytic characteristics ( 19) • capsules nay inhibit 
the bin:ling of opsonins or make bacterial surface binding sites for 
neutrcprils inaccessible. Many bacterial capsules are hydrophilic, and 
therefore antiphagocytic, since neutrophils only phagocytize particles 
nore hydrophobic than themselves (87,88,90). 
Another strategy utilized by bacteria is camouflage. These bacteria 
have surface dete.nninants that are not re<XX311ized as foreign. For 
exairple, protein A on- Staphylcx:::occus will bind the Fe portion of IgG; 
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therefore, the bacteria coat themselves with antibody exposing only Fab 
fragments ( 39 ) • 
Mya:plasna arrl gonococci inconspicuously bind to neutrophil surfaces 
witha.It bein;J ingeste::i. 1hese microorganisms are actually able to 
proliferate on the neutrophil surface (83). Actinornyces avoids 
{i1.agocytosis by agg:r~ting in large clurrps making ingestion difficult 
(74). 
Certain bacteria are intracell ular parasites of the neutrophils and 
have evolved rnechanisrns which allow successful proliferation within the 
neutrop'lil. B. al::xJrtus arrl H. S01TD1us, for exanple, inhibit phagosome-
lysosane fusion by the release of RNA material. RNA is known t o inhibit 
{i1.agosane-lysosone fusion (10,11,14,34). 
Bacteria which produce catalase anj/or superoxide disrnutase interfere 
with the neutrophils oxygen deperrlent killing by neutralizing the oxygen 
radicals (23,24,43). 
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NEXJiromIL SUPPRESSION ASSOCIATED wrrn: INFECTIOOS DISEASES OF CATTI.E 
Bovine Respirato:ry Disease 
In no:nnal bovine lungs, alveolar macrophages are the predominant cell 
type and are responsible for the re:iooval of foreign material and low 
mnnbers of potential pathogens which may enter the alveolus (30). In 
instances where high mnnbers of pathogens enter the lung, or there is an 
increase in mnnbers due to ineffective rem:wal by alveolar macrophages, 
neutrq;ilils respond. rapidly in large numbers to the chernotactic factors 
resultin:J from the inflanunato:ry response (89). Neutrophils enter the lung 
prepared to phagocytize and destroy the organisms. 
In coroitions where neutrq;ilil function is suppressed, responding 
neutrq;ilils are unable to control i.nvadin:J organism. 'Ihere are at least 
three major factors, stress, viral infection and bacterial virulence 
factors which contribute to the suppression of neutrophil function and 
predi~ to severe bacterial pnel..UOC)nia (55). Usually, a combination of 
these factors are present in clinical bovine respirato:ry disease (BRD) . 
Ccmoon stressors in cattle production include weaning, dehorning, 
castration, mixing of anbnals and shipping. 'Ihese stressors have long 
been associated with an increase in BRO and increased blcxxl cortisol 
levels (55,57). Neutrophils from animals with elevated blcxxl cortisol 
often exhibit a neutrophilia. 'Ihis is due to the release of neutrophils 
f ram marginal pools and bone marrow as well as decreased egress of 
neutrophils from the circulation (56). Cortisol also increases the random 
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migration (in vitro) of neutrophils, indicating reduced expression of 
adherence proteins on the surface of the neutrophil and inhibited ability 
to arrive at the site of the invad:irg organism (61). A more potent 
glucocorticoid, dexamethasone, also enhances random migration. In 
addition, neutrq:hils from animals treated with dexamethasone have 
diminished ability to ingest ~ aureus, decreased oxidative burst, MFO-
H2~-halide function arxi AOC'C. 'Ihe exact functions that are decreased can 
vary deperrlinJ on the dose administered, the protocol for time of 
administration, arxi the physiologic status of the animal. In each case, 
the defective function of these neutrophils increases the susceptibility 
of the animal to colonization by organisms and progression of the disease 
processes (61). 
Clinical or subclinical coccidiosis lt0Y act as a stressor by 
suwressin:J bovine neutrophils am predisposing the animal to a secondary 
infection. F~ decoquinate, a coccidiostat, to cattle is associated 
with decreased morbidity arxi mortality from BRD. Neutrophils from cattle 
fed decoquinate have reduced random migration and enhanced oxidative and 
MFO-H2~-halide functions. Anilt0ls naturally infected with coccidia and 
treated with dexamethasone for 5 days developed clinical coccidiosis, and 
had decreased random migration, oxidative killing and MFO-H2o2-halide 
functions. Anima.1.s urrler the sarre corrlitions, however, when treated with 
decoquinate showed no clinical coccidiosis, no decrease in oxidative 
metabolism arxi only slight decrease in Mro-H2o2-halide function (59). 
Viral agents associated with BRD include bovine viral diarrhea virus 
(BVD), infectious bovine rhinotracheitis virus (IBR), parainfluenza-3 
virus (PI3) arxi bovine respiratory syncytial virus (BRSV). All four are 
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known to predisp::>Se to severe bacterial pneumonia, probably at least 
partially because of their ability to suppress neutrophil function. 
All fonns of l:xwine viral diarrtlea virus infection suppress l:xwine 
neutrcpri1. function arrl other aspects of the irrnnune system. A spontaneous 
bacteremia was detected in calves after experimental infection with the 
noncytopathic virus; suggesting defective removal of bacteria from the 
blcxx:l stream by neutrophils (54). Animals experimentally infected with 
noncytopathic BVD virus exhibited decreased neutrophil MFO-H202-halide 
function (67). Modified live BVD virus vaccine can also suppress bovine 
neutrophil functions (62) . Neutrophils from cattle persistently infected 
with BVD virus have enhanced ran:lam migration, decreased ~ aureus 
ingestion, oxidative metabolism, degranulation, MFO-H2o2-halide function, 
arrl antibody-irrleperrlent cell-mediated cytotoxicity. A basic defect of 
these neutrophils is a deficient cytoplasmic calcium flux (9). Within 5-
10 secorrls of a neutrq:hil contacting an opsonized particle, calcium is 
released into the cytoplasm from intracellular stores. 'Ibis is an 
essential signal for the neutrophil to perform certain activities (48). 
Infectious lxwine rhinotracheitis virus infection also effects the 
function of lxwine neutrophils. Neutrophils from animals experirnentall y 
infected with IBR have increased ran:iorn migration, decreased chernotaxis, 
arrl decreased ability to rnagocytize ~ aureus (8). Parainfluenza-3 virus 
infection causes neutrophils to have decreased oxidative burst and MFO-
H2~-halide function (8). '!he role that BRSV plays in neutrophil function 
has not been determined, but animals infected with BRSV are at increased 
risk of bacterial infection ( 84) . 
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'llle exact mechanism of viral i.rrluced neutrophil suppression is not 
known. It is unlikely the effect is direct, as viruses rarely infect 
neutrq:hils. '!he suwression may result from soluble factors produced in 
response to, or un:ier the direction of, the viral infection. '!he 
neutrcpril suwression predisposes the animal to bacterial infection (1). 
'!he camrcon bacteria a.sscciated with bovine respiratory disease are 
Pasteurella haemolvtica, Pasteurella multocida, and Hemophilus sornnus, 
MvCX?pla.srra dispar and MyCX?pla.srra bovis. F.ach of these microorganisms have 
evolved vll:ulence factors which enable them to resist destruction by 
neutrq:hils. 
Neutrq;:hils are able to ingest and kill P. haernolytica; however, ~ 
haemolytica produces a leukotoxin which, at low concentrations, is 
inhibitory to neutrophils and at high concentrations kills them. The 
toxin is produced by the bacteria during the log phase of growth 
(12,37,75,76). 
Pasteurella multocida has a protective capsule of hyaluronic acid. 
In the presence of whole bacteria neutrophils have inhibited phagocytosis 
and Mro-H2~-halide function. Without the capsule these inhibitory 
effects are not observed (71). 
H. sonmus is an intracellular pathogen which is able to survive 
within neutrq:hils of infected animals. H. somnus suppresses neutrophil 
furci:ion by inhibiting the oxidative burst (20). H. sornnus also inhibits 
phagosane-lysosame fusion apparently because of RNA components on the 
surface of the bacteria (14,34). 
Mycopla.srra may also play a role in BRD. Mycoplasma. adhere to the 
surface of the neutrophil. Contact with same species of mycoplasna 
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inhibits the neutrophil's ability to ingest a second bacteria (33). 
'Iherefore, in large rn.nnbers, mycoplasma may suppress neutrophil function 
and contribute to clinical disease (57). 
In surmna:ry, many factors are involved in BRD, each suppressing 
neut::rq:irils, as well as other defense mechanisms, to some extent. 
Appropriate combinations of suppressive factors leave the animal 
susceptible to severe disease. 
Bovine MastitisjMetritis 
'!he primary line of defense against invading organisms in the bovine 
mamrnacy gland is the teat canal. 'Ihe teat canal is lined with kerat in 
which has bactericidal activity and provides a barrier t o invading 
pathogens (51) • 
'llle neutrqilil is an important secorxi line of defense and is the 
predaninant cell type (canprising 80 - 90% of the somatic cells) in the 
inflarood udder. 'Ihe somatic cell count in sul:x::linical masti tis averages 
about 700,000 cells/ milliliter (ml) of milk, while clinical masti t is cell 
COl.lllts may be as high as 2 million cells/ ml of milk (50) . 
Milk neutrophils have decreased phagocytic and bacteri c i dal activity 
when cx::rrpared to circulating neutrophils. Neutrophils deplete their 
energy stores by ingesting fat globules and casein in the milk. In 
addition, the praninent IgG subtype in bovine milk, IgGl, is not a gcx:xi 
opsonin IgG2 is important) (46) . other opsonins, i. e ., compl ement 
fragments, are not fourrl. in high concentration in milk. LJ::M oxygen 
tension in the udder affects the pH of the phagolysosornes and may also 
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contrib.rte to the decreased bactericidal activity of milk neutrophils 
(44). Despite the inhibited function in the milk, neutrophils are very 
.inp:>rtant for mammacy glarrl disease resistance . 'Ihis is demonstrated by 
the use of intramammacy devices which increase neutrophil m.nnbers in the 
teat arrl enhance resistance to environroontal pathogens (47 , 49). 
AWroxiJnately 50% of clinical bovine rnastitis occurs during the f i rst 
three nonths p:>St calving, with new infections typically occurring the 
last two wee.ks of the dry period (51) . A correlation between the 
incidence of mastitis arrl decreased function of circulating neutrophil and 
lyq:hocyte has been observed. 'Ihe naj or suppression of neutrophil 
function ocx:::urs one week postpartum. In vitro assays showed that 
oxidative metabolism arrl MFO-H2o2-halide function were significantly 
suwressed (38) . Possible factors contributing to this suppression 
include stress of parturition arrl lactation, altered honnonal levels, and 
negative energy balance postpartum. 
Neub:q:hils are important in protection of the uterus from bacterial 
colonization. CUrin;J the estrous cycle sennn progesterone and estrogen 
concentrations fluctuate, low sennn progesterone and high serum estrogen 
followed by high sennn progesterone arrl low sennn estrogen , etc. There i s 
increased incidence of metritis when sennn progesterone is high, and when 
serum estrogen is high there is resistance of the uterus to infection. 
Evaluation of neutrq;hil function during the estrous cycle r evealed high 
sennn progesterone was associated with inhibited oxidative metabolism and 
MFO-H2~-halide function arrl enhanced random migration and AIX'C . Hi gh 
sennn estrogen concentration was associated with enhancea random migration 
arrl increased serum cortisol l evels. 'Ihe enhanced. random migration by 
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neut.:rq:hils may be due to the effects of ex>rtisol rather than estrogen 
( 66) • Another experiment examined neutrophil function in steers treated 
with high doses of estradiol or progesterone. In steers treated with 
estradiol no significant decrease in neutrophil function was observed. 
However, steers treated with progesterone had increased random migrat ion 
arrl dec::reased Mro-H2o2-halide function ( 68) • In summary, these data 
i.rrlicate ho:rm::mal char'xJes, as well as other factors, in CCMS during the 
estrous cycle, pregnancy arrl parturition alter neutrophil function, and 
decreased. function ex>rrelates with times of increased susceptibility to 
infection. 
Diseases of Young calves 
Younq animals have increased susceptibility to infectious diseases. 
calves are bom :i.nmrunocompetent but are immunologically naive. '!he means 
of protection fran disease in these young animals include native defenses 
(e.g., epithelial barriers, complement arrl phagocytic cells) arrl maternal 
antibodies obtained through the ex>lostrum (6). 
Neutrophil function of young calves when compared to adults is 
decreased. arrl may ex>ntribute to the susceptibility of calves to infectious 
diseases. Neutrophils from neonatal calves exhibit normal adhesive and 
noqtlologic char'xJes in vitro when stimulated by complement fragments and 
i.rgestion of~ aureus is normal (92). Decreased neutrophil functions in 
neonatal calves include the Mro-H2Ci-halide system, the oxidative burst 
arrl AIX.'C. Inhibited oxidative rretabolism was observed in calves 4- 5 weeks 
of age or younger, arrl depressed Mro-H2o2-halide function and AOCC was 
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still evident in calves 16 - 19 weeks of age (31, 77). 'Ihe mechanism for 
the decreased function has not been determined. However, one 
investigation detennined that neutrophils from a fetus (210- 220 days of 
gestation) did not exhibit defective oxidative metabolism. 'Therefore, the 
defect was not simply a matter of development (18). 
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ENHANCEMENI' OF NECJrnOFHIL FUNCITON 
Neutrqiril suppression in cattle is demonstrated in association with 
many of the infectious diseases of cattle. Experimental data suggests 
that reversal of the suppression ma.y irrprove the health of cattle (2,15) . 
Products used for the enhancerrent of immune function are often called 
inm.lrx:mxhllators. '!here are two basic types of BRMs, exogenous and 
en::logenous. '!he exogenous immunorrodulators include bacteria or bacterial 
derived products (e.g., Bacillus cal.rnette-Guerin (:e,a:;) , endot oxin, 
Propionibacterium acnes) am synthetic chemicals (e.g ., levarnisole and 
lipoidal amines). One mechanism of action of the exogenous 
immuncm:xiulators is to irrluce the release of endogenous immunomodulators . 
'!he en::logenous imrm.morrodulators include proteins that are produced and 
secreted by cells (cytokines) . Some examples of these proteins include 
interferon (IFN), turror necrosis factor ('INF) and granulocyte macr ophage-
colony sti.mulatin;:J factor (GM-CSF) (58 , 80). 
C.On:titions which are carrlidates for the use of immunornodulators are 
those where inmmosuppression is a key component of the pathogenesis of 
the disease prcx:ess, am the occurrence of the immunosuppression i s 
predictable; inummom::rlulators have their greatest effect if used prior t o 
the developrent of clinical signs, or early in the disease process . The 
con:titions of cattle that were just discussed are all candidates for the 
use of inummom::rlulators. 
Several of the i.mnunaoodulators have been examined for their 
enhancerrent of bovine neutrophil function. '!he approach used t o examine 
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i.nm..Irx:mxiulators for use in cattle varies; one approach is to determine 
the m:>lecular an::i cellular aspects of the immunosuppression, examine the 
in vitro an::i in vivo effect of various dosages of the .irnmunornodulator on 
neutrc:pril function from healthy arrl immunosuppressed cattle, then design 
challerge studies to detennine the in vivo effect of .irnmunorncx:lulators on 
the disease process. 
'lhe exact mechanism of action of the inununomodulators is not known. 
In general, cytokines bfrd to receptors on neutrophils resulting in 
activation of the neutrophil arrl enhancement of various functions (80) . 
Avridine, a lipoidal amine, is known to be an interferon inducer . 
Avridine, when administered to calves, enhanced the bactericidal activit y 
of neutrophils (91). In healthy steers, avridine enhanced phagocytosis 
am cytotoxic functions of neutrophils. At high doses avridine inhibited 
the Mro-H2Ci-halide function of neutrophils from these steers. Avridine 
was also examined for its effect in cattle .irnmunosuppressed with 
dexarrethasone. Avridine reversed JIDSt of the neutrophil suppression 
induced by the dexarrethasone treatment ( 64) • Since avridine induces the 
animal to produce interferon arrl probably numerous other cytokines , it was 
decided to evaluate the influence of cytokines in vitro. 
Sl.lpenlatant from bovine mononuclear cells stimulated with antigen was 
collected. '!his antigen-induced lymphokine preparation was incubated with 
bovine neutrophils in vitro. Many of the same functions which wer e 
enhanced in cattle treated with avridine were enhanced follCMing 
incubation with the lymphokine preparation (41). 'Ihe active component of 
the lymphokine preparation was not known, but it was known to contain 
interferon. 
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Interferon gamma, produced by T lymphocytes in response to antigen 
stinul.ation, has many nx:x:lulatoi:y activities on neutrophils. CNA 
tecJ:mology has made recombinant cytokine products available. '!here fore, 
the next step was to examine the effect of recombinant bovine IFN gamma 
(rboIFN ganuna) on neutrophils from normal cattle and from cattle 
illlmunosuppressed with dexairethasone. 'Ihese experiments demonstrated 
enhan::::ement of neutrqi1il functions similar to avridine and lymphokine 
{81). 
Follo;..ring the positive results obtained with in vitro and in vivo 
rboIFN gamma, a challen;Je study in calves was perfonned to examine the 
effect of rboIFN gamma on experimental infection with H. somnus. 
Youn:J calves were treated with dexairethasone andjor rboIFN gamma and 
challen;Jed with H. sorrams. 'Ihis nrd.el involves at least three conditions 
for depressed neutrq;:hil function: dexamethasone, H. somnus virulence 
factors, and Youn:J anllnals. calves inununosuppressed with dexamethasone 
and administered rboIFN gamma had significantly less f i.brinous pnet.nn0nia 
after H. sornnu.s challen;Je than those calves administered dexamethasone but 
not rboIFN gamma ( 15) • 'Ihis in:licates that an immunorncdulator which is 
capable of enhancing Ii'lagocytic cell function can have a significant 
beneficial effect in illlmunosuppressed calves with bacterial pnet.nn0nia. 
Interferon alpha, produced by leukocytes in response to virus 
infection and other stimuli, has antiviral activity but has also shown 
sane in:lication of enhancing the function of neutrophils. In vitro 
incubation of bovine neutrq;:h.ils with rboIFN al!ila has same activating 
effect on the neut.rq:hils. Rarrlcm migration was inhibited, phagocytosis 
was enhanced and there was no effect on cheirotaxis or oxidative burst 
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except at high concentrations where oxidative metabolism was inhibited 
(7, 73). Examination of neut.rqiril function from calves following in vivo 
administration with IFN alP'la is variable. '!here is a tendency f or 
inhibited migration arrl enhancement of oxidative metabolism (7 ). A 
challenqe study was performed to examine the potential for IFN alpha in 
controlling an infectious disease. In this challenge system the cal ves 
were inmmosuppressed by exposure to IBR virus. Following the 
inmmosuppression the calves were exposed to P. haemolytica . calves 
treated with IFN alp-ia, in vivo, before exposure to IBR virus endured the 
P. haerrolytica challenge (2,3) better than calves not treat ed with IFN 
alPJ.a. 
other iITIInunom:::duators have been examined for ability t o enhance 
bovine neutrophil function. Several of these show promise, but they have 
a~y not yet been used in infectious disease models. 
I.evamisole, a drug nost camrronly used as an anthelmintic , enhances 
certain imnune function in vitro of htnnan cells (52) . In cattle, 
levamisole enhanced the cherrot:actic response of neutrophils following in 
vitro incubation arrl also 90 minutes after in vivo administration (35) . 
H~er, levamisole, adrn.inistered in vivo to cattle inununosuppr essed with 
dexairethasone, had no effect on neutrophils function ( 63 ) . similar 1 y , 
thiaberrlazole was without effect on bovine neutrophil function (36 , 69) . 
Nutrition is reaJgnized to influence the immune function. One s t udy 
examined the effects of ascorbic acid (Vitamin C) on neutrophil function. 
Ascorbic acid enhanced the oxidative burst and AIX.'C of neutrophils from 
healthy cattle. In addition, administration of ascorbic aci d to cattle 
inmmosuppressed with dexarrethasone reversed the suppression of the 
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neut.roµril functions of rarrlam migration, oxidative metabolism and AOCC 
(65). 
'l\.Jm:)r necrosis factor ('INF) secreted by macrophages and rnonocytes 
durirg an iD:mme response acts on neutrophils. In vitro incubation of 
bovine neutroph.ils with recombinant human (rhu) 'INF increased the 
oxidative burst carpared to controls (72) . In vitro incubation of bovine 
neutrq:trils with recombinant bovine (rtx:>) 'INF alpha inhibited migration 
(directed arrl rarrlam), arrl enhanced AINC. No enhancement of oxidative 
metabolism was detected in this investigation (16) • However, many of the 
corx:litions in these two investigations were different (e.g., rhuTNF vs 
rbcfINF). 
Granulocyte macrophage - colony stimulating factor (GM-CSF) is a 
cytokine released from T cells stimulated by an antigen. In vitro 
incubation of neutrophils from healthy cattle with rt>oGM-CSF enhanced 
chemiluminescence, {i1agocytosis arrl cytotoxic cell functions. These 
neut.rq:tril functions in cattle i.mmunosuppressed with dexamethasone were 
enhanced by incubation with rt>oGM-CSF also. 'Ihe enhancement of neutrophil 
function from dexamethasone treated animals was greater than the 
enhancement of cx:mtrols (53). 
It is apparent that neutrq:hils with suppressed function can be 
activated to have .inproved function by administration of innnunomcx:lulat ors, 
arrl in general, the :i.mmunorocx:iuato:rs have nore modulating activ ity in 
neut.roµrils with suppressed function. 'Ihe use of innnunornodulat ors i n 
cattle production will be beneficial durinJ those predictabl e t imes of 
immune suppression arrl increased disease. However, further work in the 
areas of combination :i.mmunorocx:iuator administration, timing of 
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administration, dosage of administration, arrl low cost prcx:luction is 
neEded before i.Iram.marrodulato:rs can be used effectively. 
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SECTION II. 
a::MPARISON OF '!HE RES:EQNSE 
OF OOVINE AND HUMAN NEUI'ROFflIIS 'IO VARIOUS STIMULI 
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Elastase release, oxidant production an:l cytoplasmic ca++ fluxes by 
bovine arrl hurnan neutrophils were canpared using sensitive kinetic assays 
on a Iiloton-counti.n:J spectrofluorameter. '!he stimulants used were phorbol 
myristate acetate (FMA), cytoc:halasin B, zyrnosan opsonized with bovine 
cc:arplem:mt (l:QZ) or hurnan canplement (hOZ), calcium ionophore, formyl-
methionyl-leucyl-Ii'leeylalanine (FMI.J?), an:l concanavalin A {Con A). The 
respiratory burst of bovine an:l human neutrophils was stimulated by FMA 
an:l OZ but not by cytochalasin B, or calcium ionophore. Concanavalin A 
weakly stimulated this response in human neutrophils but not bovine. 
Formyl-methionyl-leucyl-phenylalanine stimulated the respiratory burst of 
hurnan but not bovine neutrophils. For evaluation of elastase release, 
hurnan neutrophils were pretreated with cytcx:::halasin B for 5 minutes and 
then stim..ll.ated. cytochalasin B alone did not stimulate elastase release 
fran human neutrophils. Fhorbol myristate acetate, calcium ionophore, 
hOZ, FMLP an:l Con A did stimulate human neutrophils pretreated with 
cytoc:halasin B to release elastase. Human oz was also able to stimulate 
elastase release from human neutrophils not pretreated with cytoc:halasin 
B. Sane bovine neutrophils released elastase in response to cytoc:halasin 
B alone. 'Ihose bovine neutrophils that did not release elastase in 
response to cytoc:halasin B alone released elastase when stimulated with 
Con A or calcium ionophore after cytoc:halasin B pretreatment. Bovine 
neutrophils did not release elastase in response to FMLP or FMA with or 
without cytochalasin B pretreatment, but did release elastase in resp:mse 
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to bOZ alone. Total elastase activity of bovine neutrophils was 
determined to be about fifty tirres less than that of human neutrophils. 
Intracellular calciurn fluxes were stimulated in human neutrophils by 
calcitnn ionq;hore, FMLP, hOZ, arrl Con A but not by FMA or cytochalasin B. 
Bovine neutrqilil. calciurn fluxes were stimulated by calcium ionophore, 
ConA arrl l:OZ; cytochalasin B also stimulated bovine neutrophils to 
increase cytoplasmic calcium concentration. cytoplasmic calcium fluxes 
were not stimulated in bovine neutrophils by FMA or FMLP. In st.IITUParY, 
human arrl bovine neut.rq;:hils resporrl similarly to calcium ionophore and 
OZ, but differently to FMA, cytochalasin B, Con A and FMLP. 
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lN!roOOCTION 
Neut.rq:hils are essential for host defense against many bacterial and 
~ agents. When neutrq:hils are activated in response to inflanunato:ry 
stiliuli the major events that occur include: chemotaxis, phagocytosis, 
secretion of enzymes (degranulation}, arrl the oxidative burst of 
~taboli.sm (45}. 'lhe ability of neutrophils to carry out these functions 
can be influenced by various factors. For example, cytokines may enhance 
neutrq:hil function (47}; stress (24}, corticosteroids (8,9,19,20,39 ) , and 
vi.nlses (1) may S\Wress neutrophil function. 
'Ihe activation of bovine neutrophils involves a complex series of 
events. Investigation of the kinetics of these events at the subcellular 
arrl nolecular level will help to elucidate how bovine neutrophil function 
is :nrdulated by various factors. 
Assays to measure the kinetics of the ox.idati ve burst ( 23) , 
degranulation (41) arrl intracellular calcium fluxes (18) have been 
developed for human neutrophils using a photon-counting 
spectrofluororneter. 'Ihese assays have not been previously used to study 
bovine neutrophil function. It is reasonable to assume that these assays 
could be adapted for use in bovine neutrophil research, since only minor 
differerces between bovine arrl human neutrophils have previously been 
reported. For exalll>le, human neutrophils have receptors for n-formyl-
~thionyl-leucyl-phenylalanine (FMLP) arrl bovine neutrophils do not ( 17) . 
Bovine neutrophils have enhanced antibody irrlependent cytotoxic activity 
when pretreated with recombinant bovine gamma interferon; this was not 
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observed in human neut.rq;:h.ils pretreated with hl.Dllal1 gamma interferon ( 46) . 
Bovine neut.rq;:h.ils do not contain lysozyrre and differ in some other 
grarrule enzyme activities as carrpared to hl.Dllal1 neutrophil s (14 , 35). The 
~ of this research was to campare the resJX)nse of hl.Dllal1 and bovine 
neut.rq;:h.ils to various neutrophil stimulants usin;J kinetic assays for the 
oxidative rurst, elastase release, and intracellular calc ium fluxes and t o 
detennine the suitability of these assays for bovine neutrophil research . 
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Neutrophil Isolation 
Bovine 
Neutrq;trils fran 12 - 24 100nth old healthy steers were isolated as 
previously described (38). Briefly, citrated peripheral blood was 
centrifuged, arx:i the plasma arx:i buffy coat discarded; the packed red blood 
cells were lysed with cold, distilled water. '!he lysis step was repeated, 
arx:i the neut.rq:trils were washed arx:i resuspended in 0.015 M phosphate 
buffered saline solution, ?I 7.2 (PBSS) at 5 x 107 cells/ml. Purity of 
the neutrophil sanple is greater than 90 percent. 
Human 
Neutrq::hils from healthy adult volunteers were isolated from citrated 
peripieral blood as previously described (37). Briefly, the blood was 
centrifuged, arx:i the plasma arx:i buffy coat discarded; the packed red blood 
cells were lysed with cold anuronium chloride solution. '!he lysis step was 
repeated, arx:i the neut.rq:hi.ls were washed arx:i resuspended in Hank's 
balanced salt solution without phenol red (HB5S) (Gibco Lab., Grand 
Islarx:i, NY) at 5.0 x 107 cells/ml. Purity of the neutrophil sample is 
greater than 90 percent. 
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Neutrophil Stimulants 
F.ach o f the stimulants was purchased from Sigma Chemical Company, st . 
I.Duis, M:>. Fhorbol myristate acetate (FMA), cytochalasin Band calcium 
ionq:hore, A23187, were each dissolved in dimethyl sulfoxide (CMSO) to a 
concentration of 2.0 ng/ml and stored at -20°c as a stock solution. 'Ihe 
final concentration for each stimulant in solution with neutrophils was: 
:EMA, 1.0 ug/ml; cytochalasin B, 0.1, 1.0, or 10.0 ug/ rnl; calcium 
ionq:hore, O. 5 ug/rnl. Bovine opsonized zymosan (l:::OZ) was prepared by 
incubating zynosan A with fresh bovine serurn as previously described (38). 
Human op.sonized zynosan (hOZ) was prepared by washing three grams of 
zynosan A in PBS, resusperrlin:J the zynosan in F.arle's Balanced Salt 
Solution (Gi.bco) arrl incubating the suspension with fresh htnnan serum for 
30 mirnites at 370c with constant stirring. After washing in EBSS, the hOZ 
was :resusperrled in 300 ml of HB5S . Both types of oz were used at a final 
concentration with neutrophils of 1.0 rrg/ rnl. N-fonnyl-rnethionyl-leucyl-
IilenYlalanine (FMIP) was dissolved in rMSO at a concentration of 4.4 rrg/ rnl 
and then diluted in PBSS to 21. o ug/rnl and stored at - 20°c as a stock 
solution. 'lhe FMU? was used at a final concentration in solution with 
neut:rq:hils of 2.1 ug/rnl. Concanavalin A (Con A) was dissolved in 
distilled water to a concentration of 50 rrg/ rnl and then diluted in M199 
(Gi.bco) to 2.5 ng/ml and stored at -7o0 c as a stock solution. 'Ihe Con A 
was used at a final concentration in solution wi:th neutrophils of 250 
ug/rnl. F.ach stimulant was prepared daily from the stock solution. 
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Kinetic Assays for Neutrophil Function 
'Ihe kinetic assays were perfonned using an SIM 8000C photon-counting 
spectrofluoraneter (SIM Instnnrents, Inc., Urbana IL). This instrument 
has three ?"iotarm.ll.tiplier tubes in T fonnat optics and a stirred 
thenoostated sample chamber with an injection port for addition of 
reagents during the assay. '!he SIM 8000C is controlled by an IEM PC 
ccrrprt:er interfaced to a Hewlett-Packard 7470A plotter. 
OXidant production 
OXidant production was measured as previously described (23). 
Briefly, upon appropriate stimulation, neutrophils produce superoxide 
anion which, in the presence of superoxide disnrutase (Sigma) is converted 
to hydrogen peroxide (H2~) . '!he H2~ then oxidizes p-
hydroxyi:tlenylacetate (PHPA) (Sigma), in the presence of horseradish 
peroxidase (Sigma), to a fluorescent product, PHPA2. This fluorescent 
product, when excited at 340 rnn, emits light at 400 rnn. Each cuvette 
contained 2.5 ml of HB5S, 5.0 x 106 neutrophils and 75 ul of a cocktail 
made by canb.i.nirq superoxide clisnrutase stock solution (8.0 ng/ ml PBSS), 
horseradish peroxidase stock solution (8.0 ng/ml PBSS), and PHPA stock 
solution (10.0 ng/ml PB5S) at a ratio of 10:10:25, respectively. The 
cuvettes were p:rewarm=d to 39°c arrl then placed into the sample chamber. 
'!he awropriate stimulant was added 20 seconds after the initiation of the 
assay. '!he excitation waveler:gth was 340 rnn and the emission wavelength 
was 400 rnn. Light emission was integrated for 2 seconds and plotted at 2 
secorrl increments for 400 seconds. A starrlard cw:ve of concentrations of 
42 
tt2o2 was prepared by addi.rg known arcounts of H2o2 to the cocktail and 
measuring the fluorescence intensity. 'Ihe results were expressed as 
rnroles of H2Ci produced per five million neutrophils. 'Ihe assay 
corrlitions were the sarre for bovine arxi human neutrophils. 
Elastase release 
Elastase release was measured as previously described (41). 
Methylsuccinylalanylalanylprolylvalyl-methylcoumarin amide (peptidyl-MCA) 
(Peninsula laboratories, Inc., Belm:mt, CA) was dissolved in r:MSO and then 
diluted in PB5S to a concentration of 1.25 ng/ml and stored at - 20°c as a 
stcx::k solution. Each cuvette contained 2.5 ml of HBSS, 5.0 x 106 
neut.:rq::hils arxi 75 ul of the peptidyl-MCA stock. 'Ihe cuvett e was 
prewanned to 39oc arrl then placed in the sarrple chamber. The stimulants 
were added 20 secorrls after the initiation of the assay. Upon appropriate 
stinulation of the neutrophil, elastase is released from neutrophil 
granules arrl cleaves the substrate, liberating the fluorophore 
aminanethylcoumarin (AMC) which when excited at 380 run will emit light at 
490 nm. Light emission was integrated for 2 seconds and plotted at 2 
secorrl increm:mts for 400 secorrls. 'Ihe assay conditions for bovine ai1ct 
human neut.:rq::hils were essentially the sarre, except that the high voltage 
settirg for use with bovine neutrophils was higher t o corrpensate for the 
decreased elastase activity in those cells. A standard cw:ve was made 
usirg known anounts of arninornethylcoumarin (Peninsula laboratories, San 
carlos, CA) arrl measuring its fluorescence intensity. The amount of 
fluorescent product produced by neutrophils was expressed as runoles AMC 
per five million neutrophils. 
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Total elastase activity 
Five million neutrophils were placed in a ClNette with 2.5 ml 
distilled water arrl allowed to lyse for 5 minutes. 'lhe ClNette was then 
placed in the sample chamber, arrl 20 secorrls after the initiation of the 
assay 75 u1 of peptidyl-MCA was injected into the ClNette. The rate of 
substrate cleavage was used to detennine elastase activity . A standard 
elastase curve was made usin:J various concentrations of purified porcine 
elastase (Sigma) with an activity of 70 units per ng protein; one unit is 
defined by solubilizin:J one ng elastin in 20 minutes. at pH 8.8 at 37°c. 
'!he stan::lard cu:rve was used to detennine the total elastase activity per 
cell. 'lhe rate of substrate cleavage was detennined for four htnnan 
neutl:q:h.il preparations arrl four bovine neutrophil preparations. 
Cytoplasmic calcitnn flux 
Fura 2/acetoxyirethylester (AM) (calbicx::hem-Behring Diagnostics, San 
Diego, CA) was used to m=asure fluxes in intracellular calcit.nn 
concentration as previously described (18). Fura 2/ AM was dissolved in 
EMSO at 5. O ng/ml arrl stored at -20°c as a stoc:k solution. The AM allows 
the Fura 2 to cross the cell rrembrane. Once inside the cell the AM is 
cleaved off by intracellular hydrolases. FUra 2 shifts its peak 
absorbance of 380 run to 340 rnn lJlX'n birx:lin:J calcit.nn while emitting light 
at 510 run. Fifty million neutrophils were loaded with FUra 2 by 
incubatin:J the neutrophils with an aliquot of the stoc:k solution (diluted 
in HBSS to a final concentration in solution with neutrophils of 10 . 0 
ug/ml) for 30 minutes at 39°c. After incubation the cells were washed, 
arrl 5.0 x 106 Fura 2 loaded neutrophils were added to a ClNette containing 
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2. 5 ml of HESS. 'llle cuvettes were prewanned to 39°C and placed into the 
sanple chamber. 'llle appropriate stillrulant was added 10 seconds after the 
initiation of the assay. Fluorescence ratios were recorded by measuring 
the light emission at 510 nm elicited when the excitation wavelength 
altenla.ted between 340 arxi 380 nm. 'llle corrected fluorescence ratios were 
plotted over a 100 secon:i time period. Cytoplasmic calcium concentrations 
"Were detennined for the baseline values an:i for the peak values using the 
followin:J equation (18): (ca2+Ji = l<d[ (R - Rroin)/ CRrnax - R) J (Sf2/ sb2) 
where the Ka for Fura2 is 224 nM an:i R is the fluorescence ratio for the 
unknown. Rmi.n is the fluorescence intensity ratio after the cells are 
lyse.d (0.1% Tritonx 100), an:i ethylenediaminetetraacetic acid (EDI'A) is 
added so the dye has no calcium l:x:>urrl; Rrnax is the fluorescence intensity 
ratio after the cells are lysed an:i calcium chloride is added so the dye 
is calcium saturated. Sf2 is the fluorescent intensity at excitation of 
380 nm when dye has no calcium l:x:>urrl; Sb2 is the fluorescent intensity at 
380 nm when dye is saturated with calcium. 
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Oxidant production 
Presence or absence of stinrulation of the oxidative burst for bovine 
arrl human neutrqilils was similar for each of the six stimulants except 
con A arrl FMI.P (Fig. 1). When human neutrophils were stimulated with FMI.P 
there was a rapid increase in product fonna.tion which then leveled off; 
bovine neutrqilils did not resporrl to FMI.P. '!he kinetics of oxidant 
production in response to FMA arrl oz was different for hurnan and bovine 
neutrqilils. Ihorbol myristate acetate was a stroflg' stimulant of human 
neutrq:hil oxidant production. '!here was a short lag time and then a 
rapid increase in product followiflg' FMA stimulation. Stimulation of human 
neutrqilils with hOZ caused a loflg'er lag time than FMA and a slower rise. 
In bovine neutrq:hils stimulated with FMA there was a lag time and then a 
slow increase in product fonna.tion. Bovine OZ was a stroflg' stimulant of 
oxidant production in bovine neutrophils with a shorter lag time and a 
faster rise than FMA. Concanavalin A was a weak stimulant of oxidant 
production in human neutrophils; there was no response by bovine 
neutrc:ptlls. Oxidant production was not stimulated for either species by 
cytochalasin B or calcium ionophore (Fig. 1). 
Figure 1. Neutrq:hil oxidant prcxiuction. A) Human B) Bovine. '!he data 
are presented as fluorescence units versus tine in secorrls. A 
d'large of 20, ooo fluorescence units is equal to 1. o x io-8 
100les H2"2 prcxiuced. '!his figure shows a representative 
sanple of the results obtained for each of the stinrulants 
tested. '!be sti.m..llant was added to the cell suspension 20 
secorrls after the initiation of the assay (irrlicated by the 
arrow) • '!be stinulants used were: a) b'.)Z or hOZ, 1. o rrg/ ml 
b) IMA, 1. o u;;/ml c) cytochalasin B (cyto B) , 1. o ug/ ml 
d) FMIP, 2.1 u;Vml e) calcium ionq:tiore (caI), 0 .5 ug/ ml 
f) Con A, 250 ug/ml 
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Elastase release 
In human neutrophils 1.0 ug/ml cytochalasin B did not cause elastase 
release arrl was usa:i as a pretreatmant for the elastase assay as 
previously reported (16). 'Ihe human neutrophils resporrled strongly to 
calcitnn ionq;:hore, hOZ, Con A, arrl FMA (Fig. 2). 'Ihere was a short lag 
time arrl then a rapid increase in product formation. Human neutrophils 
resporrled less ~ly to FMI.P. 1here was an initial rapid increase that 
tapered off. Human neutrophils did release elastase in response to hOZ 
alone; the response was lower in magnitude than the response to hOZ of 
human neut.roEirils pretreated with cytochalasin B (Fig. 2b). 
'Ihe response of bovine neutrophils to cytochalasin B varied amongst 
animals. Neut.rqilils fran sane animals released elastase in response to 
cytochalasin B (10.0, 1.0, 0.1 ug/ml) in a titratable manner. others were 
stimulated. to release elastase by 10.0 ug/ml cytochalasin B but not by 1.0 
ug/ml, arrl sane bovine neutrq;:h.ils did not respom at all to cytochalasin 
B (Fig. 3). 'Ihere was no stirrulation of elastase release in any of the 
bovine neutrophil preparations to 0.01 ug/ml cytochalasin B. 
In those neutrophil preparations for which cytochalasin B did not 
cause elastase release, Con A did cause elastase release but only after 
cytochalasin B pretreatmant (Fig. 3b) . 'Ihe concentration of cytochalasin 
B usa:i as pretreatmant for the elastase release assay varied. For 
exanple, neutrophils that would release elastase in response to 10.0 ug/ ml 
cytochalasin B 'WOU.ld be treated for five minutes with ten fold less 
cytochalasin B (1.0 ug/ml) prior to stimulation. Neutrophils that 
released elastase in response to 1.0 ug/ml cytochalasin B would be 
pretreated. for five minutes with 0.1 ug/ml cytochalasin B am then 
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stinulated to release elastase by a secorrl stimulant. None of the bovine 
neutrcprils tested released elastase in response to Con A alone. The 
release of elastase by bovine neutrophils in resp:mse to calcium ionophore 
was similar to that of Con A (Fig. 3c). 
Bovine neutrcprils did not release elastase in response to FMA or 
FMIP whether or not they \oJere pretreated with cytochalasin B (Fig. 4). 
Elastase release was stinn.ilated by l:QZ alone in all animals (Fig. 4); 
pretreatrrent with cytochalasin B in those animals that did not release 
elastase in response to cytoch.alasin B directly did not affect the 
response to l:QZ. 
Total elastase activity 
'!be mean (± SEM) total elastase activity of bovine neutrophils was 
awroximately 0.102 (± 0.014) ug/million neutrophils; the elastase 
activity of human neutrophils was approximately 4.87 ± 0.45 ug/ million 
cells. In ccmparison, the bovine neutrophils had almost fifty fold less 
elastase activity than human neutrophils. This difference nay be due to a 
difference in total elastase in the neutrophils, a difference in elastase 
activity for the substrate peptidyl-MCA, and/or the presence of elastase 
inhibitors. 
Fi.gm'e 2. Human Neutrqitl.l Elastase Release. 'll1e data are presented as 
fluoresoenoe units versus time in secorxis. A charxJe of 20, ooo 
fluorescence units is equal to LO X 10-8 moles of product 
(amilaoothylca.nnarin) fonood. 'Ihis figure shows a 
representative sanple of the :results obtained for each of the 
stim..llants tested. Fach sanple was incubated 5 minutes with 
1.0 u:;J/ml cyto B before the assay (Fig. 2a) except where 
othel:wise in:ticated (Fig. 2b). 'll1e stimulant was added 20 sec 
after the initiation of the assay (in:ticated by the arrc:M). 
'!he stim..llants are the same as those defined in Figure 1 
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Figure 3. 'Ihese graiils represent the variable response of bovine 
neutrqi1ils to cyto B, arrl the influerre of cyto B pretreatment 
~ the response to Con A arrl car. '!be data are presented as 
fluorescence units versus time. A c::han:Je of 
20,000 fluorescence units is equal to 4.1 X 10-11 moles of 
prcxluct (aminanethylca.miarin) formed. '!he stimulants were 
added 20 secorrls after the initiation of the assay (in::licated 
by the arrow) • A) Neutrqiril elastase release in response to 
cyto B alone, added at 20 seconis without preincubation. B) 
Neutrqiril elastase release in response to cyto B alone (1 . 0 
U3/lnl) , Con A alone (250 ug/ml} , or Con A (250 ug/ ml) after 5 
mirrutes preirolbation with cyto B ( 1.0 ug/ml). C) 
Neutrqiril elastase release in response to cyto B alone ( 1. O 
U3/lnl), car alone (0.5 ug/ml), or car (0.5 ug/ml) after 5 
mirrutes preirolbation with cyto B (1.0 ug/ml) 
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Figure 4. Bovine Neutrq:hil Elastase Release Stinulated by lX>Z, IMA, and 
FMIP (cxmcentrations were the same as in Fig. 1.). '!he data 
are a representative sanple and are presented as fluorescence 
units versus time. A d"large of 20,000 fluorescence units is 
equal to 4.1 X 10-ll IrDles of aminornethylc::a.nnarin formed. 'Ihe 
stimulants were added at 20 secorrls ( .in:iicated by the arrow) 
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cytoplasmic calcitnn flux 
An increase in cytoplasmic calcitnn concentration was detected in 
hi.nnan neutrophils when stimulated with calcitnn ionophore, FMLP, hOZ, and 
Con A; IMA an:l cytochalasin B did not stimulate this response (Fig. Sa) . 
calcium ionophore sti.mulated a rapid rise in cytoplasmic calcium which 
continued to gradually increase; this gradual increase may be due to 
extracellular calcitnn entering the cell. FMLP, Con A and OZ, which bind 
to surface receptors, sti.mulated release of calcium stores into the 
cytoplasm after a lag pericx:i which peaked and decreased. 'Ihe baseline 
values for hi.nnan neutrophils loaded with Fura 2 ranged from 70 - 100 nM 
calcium an:l the peak value after stimulation with FMLP was an average of 
400 nM calcium. Sti.mulation of bovine neutrophils with calcium ionophore, 
OZ, an:l ConA caused an increase in cytoplasmic calcium concentration; this 
response was not detected in bovine neutrophils sti.mulated with FMA (Fig. 
Sb). In contrast to hi.nnan neutrophils, cytochalasin B did cause an rise 
in cytoplasmic calcium in bovine neutrophils, and FMLP did not (Fig. 5) . 
An increase in cytoplasmic calcitnn in response to cytochalasin B was 
consistent amongst the animals tested. Even the animals that did not 
release elastase in response to cytochalasin B did have an increase in 
cytoplasmic calcium concentration when sti.mulated with cytochalasin B. 
Similar to the hi.nnan neutrophil response, calcium ionophore caused a rapid 
rise in cytoplasmic calcitnn; l:::OZ, cytochalasin B and Con A caused release 
of cytoplasmic calcitnn stores after a short lag pericx:i. The baseline 
calcium concentration for bovine neutrophils was similar to the values of 
hi.nnan neutrophils, i.e., 70 - 100 nM calcium; the peak value after 
sti.mulation with calcitnn ionophore for bovine neutrophils was an average 
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stinul.ation with calcium ionophore for bovine neutrophils was an average 
of 285 nM calcium. 
Figure 5. Increase in cytoplasmic calcitnn. A) Htnnan B) Bovine. 'Ihe 
data are a representative sanple arrl are presente:i as the 
corrected fluorescerce ratio versus time. Each stimulant was 
ack:ied 10 secon:ls after the initiation of the assay (irrlicate:i 
by the arrow) . 'Ille stim.tl.ants are the saire as those defined 
in Figure 1. 'Ille baseline values ran;e from 70 - 100 nM 
calcitnn, arrl the peak value for the bovine neutrophils is 285 
nM calcium arrl for the human neutrqirils is 400 nM calcitnn. 
'llleSe values were determined usin;J the equation described in 
materials arrl methods 
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A summary of the response bovine arrl human neutrophils to the stimuli 
tested is presented in Table 1. 
Table 1. A summary of responses of bovine arrl human neutrophils to 
various stinnlli 
Stimulant 
Fhorbol 
Myristate 
Acetate 
cytochalasin B 
Opsonized 
Zynosan 
calcimn 
Ionqilore 
Concanavalin A 
F-met-leu-µie 
Elastase 
Release 
+ 
+ 
+ +a 
+a +a 
+a +a 
+a 
OXidant 
Production 
+ + 
+ + 
+ 
+ 
aPre-incubated with cytocbalasin B. 
Cytoplasmic calcilllll 
Increase 
+ 
+ + 
+ + 
+ + 
+ 
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DISaJSSION 
Bovine arrl htnnan neutrophil responses to various stimulants were 
ireasured using kinetic assays. Some interesting similarities and 
differences were observed (Table 1). Cytcx::halasin Ba drug corranonly used 
for pretreatroont of htnnan neutrophils was able to stimulate bovine 
neutrqirils to increase cytoplasmic calcium concentration and to release 
elastase. Fhortx:>l myristate acetate stimulated oxidant production and 
elastase release by htnnan neutrophils; however, FMA stimulated oxi dant 
production without stimulating elastase release from bovine neutrophils. 
Bovine neutrophils did not resporrl to FMLP which was expected since it has 
previously been reported that the bovine neutrophil lacks FMLP receptors 
(17). Bovine arrl htnnan neutrophils also differed in their total elastase 
activity for the substrate MCA. Htnnan neutrophils when stimulated with 
Con A had weak oxidant production; this was not observed in bovine 
neutrophils. Bovine arrl htnnan neutrophils resporrled similarly to oz and 
calcium ionophore. 
'Fhortx:>l myristate acetate activates protein kinase C irrleperrlent of 
cell surface receptors (31). Stimulation of the oxidative burst and 
degranulation by FMA in htnnan neutrophils has previously been reported 
(11,15,42,48). Protein kinase c activity has been shown t o be i.np:>rtant 
for the oxidative burst of htnnan neutrophils (11,48), and it has been 
suggested that IMA stimulation of protein kinase c has more of a role in 
the oxidative burst than degranulation (40,43). '!he signal pathways that 
lead to the production of o2- arrl granule release stimulated by FMA are 
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prcbably different since~- production can be inhibited by 1-(5-
isoquinoline-sulfonyl)-2-nethyl piperazine (ITT) , a c-kinase inhibitor, but 
granule release is not (5). Sane explanations for how FMA can signal 
different cellular functions via different pathways have included prot ein 
kinase c canparbnentalization or different i sozyn-es of protein kinase C 
regulati.rq the cellular functions (5). '!he role of protein kinase C in 
degranulation has not been clearly elucidated. Bovine neutrophils, when 
stinulated with IMA, produced o2-; however, there was not a detectable 
release of elastase, even when the cells could be preincubated with 
cytochalasin B. '!his may be due to different isozymes of protein kinase C 
in bovine neutrophils or different proteins phosphorylated resulting in 
the inability of IMA to stimulate the appropriate signal for elastase 
release. In bovine neutrophils only the stimulants which caused an 
increase in cytoplasmic calciurn were able to stirnu.late elastase r elease; 
IMA did not stirnu.late an increase in cytoplasmic calcium. Phorbol 
myristate acetate's inability to stimulate an increase in cytopl asmic 
calciurn has been previously reported (27 ) . OUr data suggest that the 
activation of protein kinase C by FMA in bovine neutrophils i s not 
inp:>rtant for elastase release. However, elastase was the only granule 
enzyme measured; therefore, the role of FMA-protein kinase c activation i n 
release of other enzymes cannot be detennined. 
cytochalasin B, a microfilarnent disrupting agent, i s commonly used t o 
pretreat neutrophils to prorrote secretion of granule contents 
extracellularly upon stirnu.lation (16) . However, cytochalasin B 
pretreatment enhances many human neutrophil responses besides 
degranulation, arrl the pretreatment of neutrophils with cytochalasin B has 
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~ed to many other functional assays (2-4,6,10,12,22,28,32-34,44). 
'Ihe mechanism of cytochalasin B enhancerrent is not clearly understcxxi 
(22). In bovine neutroph.ils loaded with Fura 2, cytochalasin B elicited a 
detectable increase in cytoplasmic calcium. Also, some samples of bovine 
neutrophils will release elastase in response to cytochalasin B alone; 
hCMeVer, this response was variable. Enzyme release in response to 
cytochalasin B has been previously reported for guinea pig neutrophils 
(4). In bovine neutrophils an increase in cytoplasmic calcium appears t o 
be required for the release of elastase; however, the elevation of calcium 
alone is not sufficient to elicit elastase release. For example, 
cytochalasin B consistently caused an increase in cytoplasmic calcium, but 
the release of elastase in response to cytochalasin B was variable. Htmian 
neutrophils differ in that elastase is released without an increase in 
cytq>lasmic calcium when the cell is stimulated with FMA. 
Zynosan opsonized with fresh htnnan or bovine serum stimulated a 
strorg an:i consistent response in all three assays in both species tested. 
Opsonized zynosan is a particulate stimulant that binds to surf ace 
receptors an:i stirnulates a receptor naiiated signal transduction 
pathway (36) • 'llri.s stirnulant elicited the most consistent responses from 
bovine neutrophils of the stimulants tested. 'Ihe particulate stimulants 
of neutroph.ils can elicit a "frustrated phagocytic" response which means 
the neutrq::hlJ. secretes same of its lysosornal enzymes extracellularly in 
an effort to Iilagocytize the particle. 'Ihe particulate stimulant is, 
therefore, a gcxxi stirnulant for use with bovine neutrophils since soluble 
stinuli require the neutrophils to be pretreated with cytochalasin B in 
order to consistently get degranulation to the outside of the cell, and 
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cytochalasin B itself can cause the release of lysosomal enzymes. 
Opsanized zym::san alone stilllulated hmnan neutrophils to release elastase; 
this response was delayed canpared to the response of cells pretreated 
with cytochalasin B. 
Calcium ionophore, A23187, facilitates calcium entry into the 
neutrq:tril irrleperxient of surface receptors (7,29) . Concanavalin A is a 
lectin that bi.ms to surface receptors (26) . Concanavalin A stimulated 
weak oxidant production in hmnan neutrophils, but not in bovine. 'Ihe 
reason for this difference is llI'lk:nCMl. A strong o2 - response to Con A in 
htman neutrophils pre.ina.lbated with cytochalasin B has been reported (25) . 
Calcium ionophore am Con A stimulate an increase in cytoplasmic calcililll 
arrl release of elastase in hmnan neutrophils pretreated with cytochalasin 
B. '!his response was similar in bovine neutrophils pretreated with 
cytochalasin B. 'Ihe problem with using these soluble stimulants to 
iooa.sure elastase release in bovine neutrophils is the inability to 
consistently pretreat with cytochalasin B. Bovine neutrophils may be 
stilllulated to degranulate in response to the increased cytoplasmic 
calcium, but they may not be releasing their granule contents 
extracellularly without cytochalasin B pretreatment. 
Fonnyl-methionyl-leucyl-phenylalanine, a synthetic analogue of 
bacterial peptides, bi.ms to surface receptors on hmnan neutrophils (13). 
FMIP stimllated oxidant production, elastase release, and cytoplasmic 
calcium increases in hmnan neutrophils. 'Ihere was no response to this 
stilllulant by bovine neutrophils; it has previously been reported that 
bovine J'lell'trqilils do not have FMLP receptors ( 17) • 
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'Ihe total elastase activity for the substrate MCA was determined for 
bovine arrl human neutrq:hils. '!he human neutrophils had about 50 times 
I1Dre total elastase activity campared to the bovine neutrophils. This 
difference may be due to total elastase content of the bovine neutrophils, 
or it may be due to a difference in the activity of bovine elastase for 
the substrate used. '!here are several other enzymes associated with human 
neutrq:hil azurophilic granules that have low activity in bovine 
neutrcprils when campared to human neutrophils (14). In addition, the 
elastase activity was detennined 5 minutes after the cells were lysed; the 
role of elastase inhibitors contributing to decreased enzyme activity was 
not detennined. It has been reported that bovine neutrophils contain 
highly active cytosolic elastase inhibitors (21,30). 
In surmnary, bovine neutroii'tlls resporx:i differently than human 
neutrcprils to :EMA, cytochalasin B, Con A arrl FMLP. '!hey differ in their 
response to still1ulation of protein kinase c by FMA, and, in bovine but not 
human neutrophils, there is a correlation of increased intracellular 
calcium arrl elastase release. In addition, the use of zyrnosan opsonized 
with hO!IDlogous serum as a stimulant allows the evaluation of either human 
or bovine neutrophil oxidant prc:xfuction, elastase release, and 
intracellular calcium fluxes without the need for cytochalasin B 
pretreatment. 
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SECI'ION III. 
DEFEX::'l'IVE FUNCT'ION rn NElJI'RJFHIIS AND LYMFHOCYTES 
Fa:M CAT1'I.E PERSIST.ENrLY INFECI'ED WI'IH 
BJVINE VIRAL DIARRHEA Vm.JS 
AND 'lHE INFII.JENCE OF RECXMBINANI' BJVINE INTERFERON 
GAMMA AND INI'ERI.llJKIN 2 
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AR5TRACT 
cattle persistently infected with bovine viral diarrhea (BVD) virus 
have decreased neutrophil an:l lyrrphocyte function. 'Ibis investigation 
reevaluated these functions an:l further characterized the inhibition of 
persistent BVD virus infection in neutrophils usi,m sensitive kinetic 
assays. In addition, the influence of in vitro incubation of neutrophils 
with recanbi.nant bovine interferon gamma (rboIFN ganuna) and in vitro 
incubation of lyrrphocytes with recanbinant bovine interleukin 2 (rboIL2 ) 
was evaluated. 
A significant (P < 0.05) decrease in random migration under agarose, 
staroylocx:x:x::us aureus i,mestion, cytoch.rane c reduction, iodination, 
antil:x:x:ly-irrleperrlent cell-mediated cytotoxicity (AJNC), oxidant 
production, an:l cytoplasmic calci\.Illl flux were observed in neutrophils from 
cattle persistently infected with BVD virus when compared to noninfected 
controls. Incubation of neutrophils from noninfected controls with rboIFN 
gamna significantly decreased rarrlam migration under agarose, cytochrome c 
reduction, an:l cytoplasmic calci\.Illl flux. Neutrophils from persistent BVD 
virus infected cattle also exhibited decreased random migration under 
agarose after incubation with rboIFN gamma; in addition, AJNC, elastase 
release an:l cytoplasmic calci\.Illl flux were significantly enhanced. 
Recanbi.nant bovine IFN ganuna irrluced significantly (P < 0. 05) different 
effects on chenotaxis, cytoch.rane C reduction, iodination and cytoplasmic 
calci\.Illl flux of neutrophils from infected and control animals. 'Ihe rboIFN 
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ganma was lll..lCh ioore effective at inprovi.rg the function of neutrophils 
fran cattle persistently infected. with BVD than in controls. 
~ f:ran infected. cattle exhibited decreased blastogenesis in 
response to {:hytchemag:Jlutinin (FHA), concanavalin A (ConA), and pokeweed 
mitogen (~). Incubation of those lymphocytes with rboIL2, with no 
mitogen present, significantly increased the incorporation of tritiated 
thymidine. However, the response of lymphocytes to mitogen stinnllation 
was ~ significantly increased by the presence of rboIL2, indicating that 
the depression of lymphocyte blastogenesis is not due to a decreased 
production of IL2 in vitro. 
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INrnOWCTION 
Bovine viral diarrhea (BVD) virus is classified as a pestivirus in 
the Togaviridae family. '!he virus is ubiquitous in the cattle population 
of North America arrl virulent in its cytopathic arrl noncytopathic fonns . 
Bovine viral diarrhea has many clinical manifestations including: mild or 
subclinical infection (the nost ccmm:>n fonn), persistent infection, 
mucosal djsease, an:i chronic BVD (2,15,29). 
Persistent BVD (BVD) infection occurs when a noncytopathic virus 
infects the fetus before 125 days of gestation (before the fetus is 
i.nmmcx:xJmpetent). '!he fetus bea:Jrnes inununotolerant to the virus and does 
not produce antibcxlies to it (21) • At birth, persistently infected calves 
have a constant viremia arrl sei:ve as natural resei:voirs of the virus 
(3, 21) • Clinical signs of persistent BVD virus infection include 
decreased weight gain an:i stunted growth; however, l1'011Y persistently 
infected calves grc:M no:rmally arrl do not show clinical signs of infection 
(3,12,21). 
Mucosal djsease is irrluced when an anilral persistently infected with 
noncytopathic BVD virus is co-infected with an appropriate cytopathic BVD 
virus (8,11). Mucosal disease is characterized by gastrointestinal 
abnormalities, i.e., oral lesions and profuse diarrhea. 'lhe virus has an 
affinity for the cells of the lymphoid tissue and often a leukopenia and 
neutropenia are obsel:ved. It is not known whether the leukopenia and 
neutl:'qlenia are due to viral infection of the bone marrow, to soluble 
factors which have an effect on the bone marrc:M, or to destruction of 
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lynpxx::ytes arxi neutrq::h.ils. Death from mucosal disease usually occurs 
within 3 to 10 days of onset of clinical signs ( 2, 15, 29) • Olronic BVD is 
also a disease of high mortality. However, in chronic BVD there is severe 
emaciation, lameness arxi intennittent or constant diarrhea. 'Ihe animal 
may sw:vive up to 18 months (2,9,15,29). 
'llle BVD vi.rus is immunosuppressive in cattle, affecting the function 
of several cell types. Similar to other viral infections, animals 
infected with BVD vi.rus have decreased circulating lyrrphocyte and 
neutrq::hil numbers (7,16,36). However, the inununosuppression is not 
entirely a result of decreased numbers. 'Ihe inununosuppression observed 
with BVD infection includes decreased mitogen-induced lyrrphocyte 
blastogenesis (22,23,27,32,35), decreased monocyte chemotaxis (19), 
decreased i.rgestion of s. aureus by neutrophils (32), decreased iooination 
(myelc:peroxidase-H2"2-halide activity) in neutrophils (35,36), and 
decreased antibody-deperrlent cell-mediated cytotoxicity (AOC'C) by 
neutrq;trils (35). 'Ihe basic mechanism of this viral induced 
immunosuppression is not clear, but it predis{:x::>ses the animal to secondary 
bacterial infections or other viral infections (13, 28, 30). 
'llle specific interest in this investigation was the i.mmunosuppression 
d:Jserved in persistent BVD virus infection. It has been sh™D that 
persistently infected cattle have decreased lyrrphocyte blastogenesis and 
decreased~ aureus i.rgestion by neutrophils (32). '!he primary objective 
of this investigation was to better characterize the suppression of 
neutrq::h.il function in cattle with persistent BVD infection. Using 
kinetic assays for studyi.rg neutrophil function, we were able to better 
define the suppressive effects of persistent BVD infection on neutrophils . 
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our secorrl objective was to detennine the effect of in vitro recombinant 
bovine interferon gamna (rboIFN gamna) on the function of neutrophils and 
the effect of recanbinant bovine interleukin 2 (rboIL2) on blasto:renesis 
of peri?'leral blcxxi lyq:hocytes frc:an cattle persistently infected with the 
virus. 
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MATERIAI.S AND MEIHOI:S 
Animals 
Nine healthy 1 - 2 year old holstein steers housed at Iowa State 
University served as controls. Nine cattle persistently infected with BVD 
virus (ages 1 - 6 years, 6 females arrl 3 steers) were part of the herd at 
the National AniIDal Disease Center, Arres, IA. Four of the cattle were 
persistently infected with virus isolate '!'GAN, arrl four of the cattle were 
persistently infected with virus isolate NEB. 'Ihese cattle were 
experimentally infected during gestation. 'Ihe other animal was infected 
with virus isolate 9789, arrl was detected as being naturally persistently 
infected at 6 rronths of age; there was no clinical evi dence of the 
infection. 
Lyrnphokine Preparation 
Recanbinant bovine interferon ganuna was supplied by CIBA-GEIGY, 
Linri.ted, Basel, switzerlarrl. 'Ihe preparation (lot number 322/ 38) had 12 . 5 
ng protein/ml arrl a specific activity of approximately 2. 2 x 106 Units/ ml . 
Recanbinant bovine interleukin 2 was supplied by Immunex Corp., Seattle, 
Washin;Jton. 'Ihe preparation (lot number 21309910) had 1. 99 ug protein/ ml 
arrl a specific activity of approximately 20,000 Units/ml . 
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Neutrophil Isolation 
Bovine neutrcprils were isolated as previously described (34). 
Briefly, 250 ml of perii;:beral blood from control animals and 500 ml of 
periiileral blood from the persistently infected animals were collected 
into acid citrate dextrose anticoagulant. After centrifugation the plasma 
was discarded arrl the buf fy coat was rerroved arrl used to isolate 
lynpiocytes. 'Ihe packed red blood cells were lysed with cold buffered 
hypotonic solution for one minute arrl then isotonicity was restored. The 
cells were pelleted arrl the lysing step was repeated. 'Ihe isolated 
neut.rq:tiils (purity greater than 90 percent) were resuspended in phosphate 
buffered saline (PB5S) (0.015 M) at a concentration of 1.0 X 108 cells/ml . 
Five hurrlred microliters (ul) of the cell suspension were incubated for 2 
hours with an equal volume of rre:lium 199 (Ml.99, Gibco, Grand Island, NY) 
with or without rboilN gamma (CIBA-GEIGY Limited, Basel, Switzerland). 
'!he final concentration of rboIFN gamma on the neutrophils was 5.0 X 10- 9 
g/ml. 
Total White Blood Cell Counts 
Total white blood cell counts were detennined for the persistently 
infected arrl the control cattle using an electronic cell counter. 'Ihese 
values were detenn.ined on 5 different days. 
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Kinetic Assays of Neutrophil Function 
'Ihese assays were performed on an SIM 8000C photon-colll1ting 
spectrofluoraneter (SIM Instrurrents, Inc., Urbana, IL). 'Ihe neutrophil 
stim.11.ant used in all assays was zym:>san A (Sigma Cl1emical Co., St. Louis, 
MJ) cp;onized with fresh bovine sennn (OZ), as previously described (34). 
Opsonized zynosan was used at a final concentration of 1.0 rrg/ ml. 
OXidant production assay 
'Ihis assay, a m:xtification of the procedure described by Hyslop and 
Sklar (1984), in:tirectly rreasures ~-production by neutrophils, as 
previously described (10) . When neutrophils are appropriately stimulated 
arrl ~- is produced, it is rapidly converted to H2o2 in the presence of 
superoxide dismutase (SOD} • '!he H2~, in the presence of horseradish 
peroxidase (HP), oxidizes p-hydroxyphenylacetate (FHPA) to a fluorescent 
product FHPA2• FHPA2 emits light at a 400 nm wavelength when excited by 
light at a 340 nm wavelength. F.ach cuvette contained 2. 5 ml HBSS without 
!ilenol red (Gibco), 5.0 X 106 neutrophils, and 75 u1 of a reagent cocktail 
consisting of SOD (Sigma) (8.0 rrg/ml PBS}, HP (Sigma) (8.0 rrg/ml PBS) I and 
FHPA (Sigma) (10.0 ng/ml PBS) at a ratio of 10:10:25, respectively. 'Ihis 
assay was nm using a program which allowed us to test 10 samples 
sinultaneously taking fluorescence readings of each sample every 150 
secorrls for 600 secorrls. 'Ibis included a baseline reading and then a o 
time :reading which was the fluorescence just after the stimulant was 
added. 
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Elastase release assay 
Elastase is an enzyme contained in neutrophil granules. '!he 
prooedure described by Sklar et al . {1982) for measuring elastase release 
was m::xilfied as previously described (10). '!his enzyme acts on the 
substrate mathylsuccinylalanylalanylprolylvalylaminornethyl-cournarin (MCA), 
whidl when cleaved by elastase liberates a fluorescent product 
aminanethylcoumarin {AMC}. Aminornethylcournarin when excited by light at 
380 nm wavelength will fluoresce at 490 run wavelength. Each CtNette for 
this assay contained 2.5 ml HBSS, 5.0 X 106 neutrophils, and 75 ul of MCA. 
'!he MCA (Peninsula I..al:xJratories) was dissolved in dimethylsulfoxide (CMSO) 
an:l then diluted in PBS to a stock concentration of 1. 25 ng/ rnl and stored 
at -200c. '!his assay was perfonned using a program as described for the 
oxidant assay. 
Cytoplasmic calcium fluxes 
Fura 2-acetoxymethylester (AM) is a fluorescent calcium indicator 
used to determine cytoplasmic calcii..nn fluxes, as previously described 
(10). 'Ihe neutroplils were incubated with Fura 2- AM f or 30 minutes. 
D.rrirq the incubation the Fura 2-AM enters the cell and is hydrolysed by 
intracellular enzymas thus trappin] the Fura 2 inside the cells. '!he peak 
absorbarx:e of Fura 2 shifts frcm 380 run to 340 run wavelength upon binding 
calcium. 'Iherefore, the ratio of free versus bourrl calcium can be 
measured durin] activation of the neutrophil by oz . 'Ihe SIM 8000C 
altenlates the excitation wavelen;rth between 340 run and 380 nm every two 
secorrls an:l rea:n:'ds the emittance at 510 nm wavelength. 'Ihe corrected 
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ratio of fluorescence (340rmV380rnn) is stored by the computer. Each 
cuvette contained 2.5 ml HBSS an:i 5.0 X 106 F\rra 2 loaded neutrophils . 
'Ihe cuvette was placed into the sample chamber an:i the cells were 
stimulated 10 secorm after the initiation of the assay. Fluorescence 
ratios were recorded every two secorx:ls for 100 secorm. calci t.nn 
concentration can be detennined fran the fluorescence ratio as previously 
described (17). 
other neutrophil function assays 
Additional assays were performed. to evaluate neutroph.il functi on in 
cattle persistently infected with BVD virus an:i the effect of in vitro 
incubation with rboilN ganuna. 'Ihese assays were performed. as previously 
described (20, 32) • Briefly, rarrlam migration urrler agarose was measured 
after an incubation period of 18 hours; the area of rarrlom migration was 
reported in square millimeters cmm2) • Chemotaxis was measured by 
migration urrler agarose toward zyirosan activated serum; the chemotactic 
i.rrle.x was detennined by divicti.n:J the distance of directed migration by the 
distance of rarrlam migration. Fhagocytosis was measured using anti.body-
coated 1251-iododeoxyuridi.ne-labeled ~ aureus. Neutrophils were 
incubated for ten minutes with bacteria at a ratio of 60:1 (bacteria t o 
neutrcpril) an:l then lysostaph.in was added to rerrove the extracellular ~ 
aureus; the results were reported as percent ingested. 'Ihe reduction of 
cytochrane c, a measure of superoxide anion production, was evaluated 
after a 30 minute incubation period of neut.rq;:hils with cytochrome c and 
oz. 'Ihe results were reported as the optical density/ 1.25 x 106 FMN/30 
minutes. 'Ihe icxlination reaction, a measure the myeloperoxidase-H2o2-
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halide system, was perfonred by incubating neutrophils with oz and Na125r 
for 20 minutes; the reaction was terminated by the addition of 
tridtl.oroacetic acid. 'llle results were reported as 11I0C>le NaI/ 107 
:R-1Nsjhour. Anti.body-deperrlent cell-mediated cytotoxicity was evaluated 
usirg antibody coated 5J..er-labeled chicken red blood cells as the target 
cell. 'llle effector to target cell ratio was 10: 1, and the results are 
reported as the percent of specific release which occurred during a two 
hour incubation. Anti.body-irrleperrlent cell-mediated cyt.otoxici ty was 
neasured similar to AOC'C; however, anti.body was not added. 
Lyn;;ilocyte Evaluation 
Lyn;;ilocytes were isolated frcan periJ:heral blood, and lymphocyte 
blastogenesis was perfonred using pokeweed mitogen (FWM), 
J:hytohernagglutinin (FHA), and concanavalin A (Con A) as mitogens, with a 
72-hoor incubation pericxi, as previously described (35). In addition, 
rboIL2 was evaluated in vitro for its effect on the blastogenesis of 
lyn;;ilocytes frc:m cattle persistently infected with BVD virus and controls. 
'llle lynpiocytes were incubated with or without 10.0 ng/ rnl rboIL2 (Irnnrunex 
Co~. , Seattle, Washington) 
statistical Analysis 
I:Bta were analyzed usirg the statistical Analysis System (SAS 
Institute, Inc. , cacy, NC) • 'llle analysis of variance was perfonred using 
a split plot e><perimental design. With BVD infection status as the whole 
plot and lymphokine (rboIFN gamna or rboIL2) treatment as the subplot . 
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Date of assay was used as a blocki.n;J factor for all assays and, in 
addition, time point of data collection was used as a blocking factor for 
the kinetic neutrq;:hil assays. '!he main effects of BVD vi.J::us infection 
and. in vitro treatment with lyztploki.ne (rboIFN ganuna or rboIL2) were 
detenni.ned. Also, the interaction between vi.J::us infection status and 
lyrrpiokine treatment was evaluate::i. Since a significant interaction was 
noted in a mnnber of instances the direct effect of lyrnphokine treatment 
on cells fran either control or BVD infected animals was also evaluate::i 
usin;J a one-way analysis of variance with a split plot design. 
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Total White Blcxxi Cell Counts 
'!he woc counts in the persistently infected cattle were consistently 
lower than the controls. In the control group the values ranged from 
4,400 cells/ul to 14,000 cells/ ul with a mean of 8,700 cells/ ul and 
average differential woc counts of 41% neutrophils, 58% lymphocytes, and 
2% eosi.noFhils a::xcpared to the cattle persistently infected with BVD virus 
which rarged frcm 2,520 cells/ul to 9,900 cells/ ul with a mean of 4, 300 
cells/ul arrl average differential WBC counts of 22% neutrophils, 76% 
lyrrpiocytes, arrl 2% eosinophils. 
Neutrophil Assays 
'Ihe results from assays examinin;J the effects of persistent BVD virus 
infection, rborm ganuna arrl the interaction of these two on neutrophil 
:fun±ions are shown in Tables 1-2, an::l Figures 1-3. When compared to 
controls, neutrq:hils from cattle persistently infected with BVD virus had 
significantly (P < 0.05) decreased rarrlom migration under agarose, 
in:;Jestion of ~ aureus, cyt:cx::hrc:loo C reduction, icxlination, AINC, oxidant 
production, arrl intracellular calcium flux. In addition, there was a 
terrlency (P = 0.06) for elastase release to be decreased. 
Table 1. Bovine neutrq:hi.l assay values (means) for fair treatment graips am 
the level of significance for the nain ef fe.cts of PBVo'1 virus infection 
am rtx:>IFN ganma am their interaction usirg an analysis of varicm:e 
procedure 
Treatment Group Assay Values 
Control PBVD'1 
plus plus 
rtx:>IFN rboIFN 
Control ganma mvoa gamna 
IM-l function (n=18) (n=18) (n=l8) (n=18) SEM 
Raman migration (nun2) 60 44 48 38 ±3 
Cheootaxis (ratio) 1.33 1.36 1.44 1.25 ±0.04 
00 
~ aureus irgestion (%) 29 31 21 24 ±1 ""' 
Cytochrorre c reduction (OD) 0.87 0.80 0.74 0.80 ±0.02 
Iodination (l1IOC>l NaI/107 
:R-1Njhr} 34 31 25 27 ±1 
Antibody-independent cell-
naliated cytotoxicity (%} 16 18 2 8 ±1 
Antibody-dependent cell-
mediated cytotoxicity (%} 52 57 48 54 ±3 
aPBVD = cattl e persistently infected with BVD vinis. 
Table 2. 'Ihe level of significance for the effects of mvJP virus infection arrl rtx:>IFN 
ganma on neutrcptlls arrl their interaction usin;J an analysis of variarx::e prooedure 
Control PBVD'i mvoa 
Control vs vs by 
vs Control plus PBVD'i plus rtx:>IFN ganma 
fMN function PBVD rtx:>IFN ganma rtx:>IFN ganma interaction 
Rarrlan migration 0.048 0. 001 0. 03 0.57 
Olerrotaxis ratio 0. 71 0.13 0.08 0.02 
~ aureus ~estion 0. 001 0.44 0.25 0. 99 
cytcx:±1rane c reduction 0. 001 0.01 0.13 0.001 
co 
Icx:lination 0.03 0. 50 0. 37 0 .01 VI 
Antibody-irrlepement cell-
mediated cytotoxicity 0. 002 0.69 0 .02 0.22 
Antibody-deperrlent cell-
mediated cytotoxicity 0 . 22 0.33 0 .17 0. 65 
Oxidant 
Production 0.03 0.79 0.16 0. 19 
Elastase 
Release 0.06 0. 14 0. 002 0 .72 
cytoplasmic 
ca++ Increase 0.01 0. 02 0 . 001 0.003 
apsvo = cattle persistently infected with BVD virus. 
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Figure 1. Mean values (n=l8) for the kinetic assay measuring oxidant 
production by neutrqirlls fran four treatment groups. 'Ihe mean 
values are the dlan:3e in fluorescence units fran the baseline 
at time o. 'Ihe SEM for these means is o. 6 x 103. PBVD = 
cattle persistently infected with BVD; IFNg = recanbinant 
bovine IFN ganma 
-"o -• "-' 
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Figure 2. Mean values (n=18) for the kinetic assay measuring elastase 
release fran bovine neut.rqilils in four treat:Irent groups. '!he 
mean values are the c.harqe in fluorescence units from the 
baseline at time o. '!he SEM for these means is o. 4 x 103 . 
PBVD = cattle persistently infected with BVD virus; IFNg = 
recarbinant bovine IlN gamna 
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Figure 3. Mean values for the kinetic assay measuring cytoplasmic calcit.nn 
fluxes in neutrc:ptils fran fair treatment groups. 'Ihese mean 
values represent the corrected fluorescence ratio (Ex 340 nnv 
380 nm) • '!he SEM for these means is O .13. PBVD = cattle 
persistently infected with BVD vints; IFNg = recombinant bovine 
IlN gamna 
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Incubation of neutrophils from control animals with rboIFN gamma 
resulted in significantly (P < 0.05) decreased rarrlorn migration under 
agarose, cyt:cx::hrare C reduction, arrl cytoplasmic calcium 
flux (Tables 1-2, Fig. 3). 
Incubation of neutrophils from persistently infected cattle with 
rboIFN gamna resulted in a significant (P < 0.05) decrease in rarrlom 
migration urrler agarose, arrl increase of the following functions: AINC, 
elastase release, arrl cytoplasmic calcium flux (Tables 1-2, Figs. 2- 3) . 
'!he interaction between persistent virus infection arrl rboIFN gamma 
was statistically evaluated; the results are shown in Table 2. A 
significant {P < 0.05) interaction was observed between persistent 
infection arrl in vitro incubation with rboIFN gamma for chernotaxis , 
cytochrc::m'e c reduction, iodination arrl cytoplasmic calcium flux. After 
incubation in rboIFN gamma, neutrophils from cattle persistently infected 
with BVD had decreased chenotaxis arrl increased functions of cytochrome C 
reduction, iodination arrl cytoplasmic calcium flux. The influence of 
rboIFN gamma on neutrophils from the control group was the opposite . 
Lymphocyte Blastogenesis 
Results of the lymphocyte blastogenesis are shown in Table 3. 
Lymphocytes from persistently infected cattle exhibited significantly (P < 
0.05) decrease:i response to mitcqen stimulation by FHA, ConA, arrl IW1. 
Incubation media which included rl:x>IL2 significantly (P < 0.01) increased 
the backgrourrl cx::JUilts of lymphocytes of control arrl persistently infected 
cattle but did not increase the mitogen stimulated responses (Table 3) . 
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Significant interaction between rboIL2 arrl persistent BVD virus infection 
was not detected. 
Table 3. Tritiated thymidine uptake by restin] or stillulated perii;ileral blood lyn'Plocytes fran fa.tr 
treatroont grcups arrl the level of statistical significance of the effects of PBVD'1 virus 
infection arrl rtx>IL2 on lyn'Plocytes arrl their interaction usin] an analysis of variaooe 
proc:edure 
Treatroont Group Assay Values Probability of > F 
Control pavrjl 
plus plus Control pavrjl pavrjl 
Control rtx>IL2 p13VIP rtx>IL2 Control vs vs by 
(n=17) (~~~ (n=17) (n=16) vs Control mvoa rtx>IL2 Mito;Jen cpnb q:mb cptP SEM mvoa plus rtx>IL2 plus rtx>IL interaction 
None 700 4600 500 6600 ± 600 .08 .0001 .0001 .10 
mA 23700 27400 14100 15300 ±2500 .01 .38 .81 .90 
Con A 49100 54000 21600 22400 ±2400 .0001 .35 .91 .91 
HoJM 17300 16600 6000 6600 ± 700 .0001 . 64 .67 . 29 
apBVD = cattle persistently infected with BVD. 
bcprn = counts per minute. 
\.0 ...... 
92 
DISa.JSSION 
'!his investigation exterrls the results of a previous study defining 
alterations of neutrophil and lyrrphocyte function in cattle persistently 
infected with BVD vinls (32). Additional aspects of neutrophil function 
were fam:l to be suppressed, and in vitro incubation with rboIFN gamma was 
sha.m to significantly (P < 0.05) :llrprove several of the suppressed 
ftmctions. In vitro incubation with rboIL2 was not able to improve the 
depression of lyrrphocyte blastogenesis in animals persistently infected 
with BVD vinls; indicating the depression was not due to a decreased 
production of IL2 in vitro. 
'!he influence of interferon gamma on neutrophils has been evaluated. 
Human neutrophils incubated with recarnbinant ht.man IFN gamma (rhuIFN 
gamma) have an increased rnnnber of Fe receptors and enhanced phagocytic 
and cytotoxic functions (4,25,37,38). Interferon gamma (in vitro and in 
vivo) alters neutrophil functions of cattle; although the results are 
variable (5,33,40,41). 'Ihe reason for this variability is not clear. In 
general, rboIFN gamma :llrproves the function of neutrophils with suppressed 
function IOC>re than neutroprils from healthy control cattle (33,40), as was 
fam:l in this study. 'Iherefore, the variability observed in the effects 
of rboIFN gamma on neutrophil function from normal cattle may be due to 
variability in physiologic status of clinically healthy animals . 
'Ihe mechanism of action of IFN gamma is not well described; however, 
it is known that IFN gamma birrls to a cell surface receptor (43,44) . · 
Also, protein synthesis and arachidonic acid metabolism by neutrophils are 
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needed for IlN ganuna to rrcdulate same, but not all, of the bovine 
neutrophil functions ( 41) • 
Irx::ubation of neutrophils from anllnals persistently infected with 
BVD virus with recanbinant bollN ganuna significantly enhanced AINC, 
elastase release and cytoplasmic calcium flux, and inhibited random 
migration in this study. Incubation of neutrophils from control animals 
with rboIFN ganuna resulted in significantly (P < 0.05) inhibited random 
migration urx:ler agarose; however, cytochrome c reduction and cytoplasmic 
calcium flux ·were decreased. Significant (P < 0.05) interactions between 
rboIFN ganuna and persistent BVD virus infection were detected for 
neutrophil cherrotaxis, cytochrome c reduction, iodination and cytoplasmic 
calcium increase. 'Ihis irx:licates that the effect of rboIFN gamma on 
neutrophils fran healthy cattle is significantly different from the effect 
on neutrc:ptlls fran cattle with persistent BVD virus infected cattle for 
these assays. 
'lh.e mechanisms for the decreased cytoplasmic calcium flux and 
decreases noted in other neutrophil functions of cattle persistently 
infected with BVD is unknavn. Possibly, a decrease in cell surface 
receptors or an alteration in one of many steps in signal transduction is 
involved. 
'lhe signal transduction pathway that occurs after an opsonized 
particle bi.nls to a bovine neutrc::plll has not been clearly defined . 
However, same possible explanations for the defects observed in 
neutrophils of persistently infected cattle can be made based on what is 
known of the signal transduction pathway of ht.nnan neutrophils (24) . 
Briefly, an opsonized particle bi.rrls to a receptor that signals a G 
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protein. '!he G protein activates an enzyme that cleaves membrane lipids 
resultirq in the fo:rmation of a cytosolic rressenger (inositol 
tri~te, IP3) arrl a lipid soluble rressenger (diacylglycerol, DAG) • 
'!he cytosolic portion signals calcium to be released from intracellular 
stores arrl the membrane portion stimulates protein kinase c. 'Ille 
:inp:>rtance of the cytoplasmic calcium flux has been reported for many 
neutl:qiril functions. '!be calcium flux is one of the initial events in 
receptor-mediated activation, arrl is essential for subsequent cellular 
responses (10,24,39). It is likely that the decreased cytoplasmic cal cium 
flux in neutrophils from cattle persistently infected with BVD virus 
contrib.rt:es to the other defective functions. 'Ibis is somewhat supported 
by the concurrent i.J:rprovement in cytoplasmic calcium flux and several 
other functions of neutrq:nils from persistently infected cattle following 
incubation with :rboilN gamma. Recombinant boIFN gamma may reverse the 
defective step(s) in the signal transduction pathway or act at another 
step. 
'lhe lynpiocytes from cattle persistently infected with BVD virus had 
decreased lynpiocyte bl astogenesis in response to all three mitogens when 
carrpared to controls. 'Ihese results are consistent with previous reports 
of decreased blastogenesis in response to mitogens by persistent BVD virus 
infected cattle (32). Other fo:nn.s of BVD virus infecti on are reported to 
result in decreased lyrrpiocyte blastogenic response to mitogens, also 
(22,23,26,27,31,35). '!he mechanism for the decrease in blastogenesis is 
not known. 
Interleukin 2 is :inp:>rtant for proliferation of T cells. Interleukin 
2 biros to a receptor that activates protein kinase c resulting in 
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µiOS{:tlorylation of proteins leading to CW. synthesis (1). One possible 
cause for the decrease in lymphocyte blastogenesis of cattle persistently 
infected with BVD virus is decreased prcx:iuction and/ or secretion of IL2 
fran T helper cells. It has been shown that the addition of IL2 to 
lyrrq;:ilocyte cultures reverses the suppression of lymphocyte blastogenesis 
irrluced by cortisol ( 6) • 
In this investigation, rboIL2 was mitogenic by itself as seen by its 
influence on lymphocyte proliferation in the absence of mitog-ens for 
lymphocytes from both healthy cattle and cattle persistently infected with 
BVD. '1he fact t.hat blastogenesis was equally enhanced in both groups by 
rboIL2 in the absence of mitogens suggests that the lymphocyte defect i s 
not in the IL2 stinW.atory pathway. '!he enhancement of lymphocyte 
blastogenesis by IL2 in unstimulated lymphocytes has been previously 
described (1,14). An additive effect on blastogenesis was seen when the 
lymphocytes from control cattle were incubated with both rboIL2 and either 
FHA or Con A (Table 3); although, this effect was not statistically 
significant. 'Ihis is consistent with a previous report that optimal 
conc:::entrations· of Con A and reaJITlbinant human IL2 had an additive effect 
on bovine lymphocyte blastogenesis (42). HCMever, this additive effect 
was not obsel:ved in the lymphocyte cultures from persistently infected 
cattle even though the rboIL2 significantly increased the background 
counts. '!he cause for this lack of additive effect of rboIL2 and H-IA or 
Con A on lymphocytes from persistently infected animals is not known, but 
it is probably due to the sane factors that limit lymphocyte proliferation 
in response to mitogens. '!he addition of rboIL2 to lymphocyte cultures 
did not significantly enhance the blastogenic response of these cells t o 
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mitogens. '!his suggests that a deficiency of IL2 is not responsible for 
the decrease::i blastogenic responsiveness of lymphocytes from infected 
animals. 'Ihe mechanism of suppression of lymphocyte blastogenesis is not 
known. However, since neuttq:hils an:i lynp-iocytes use a similar signal 
transduction pathway (18), it may be that a similar defect in signal 
transduction is responsible for the inhibition of both lymphocyte and 
neut.rcpril function. 
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GENERAL SUMMARY AND DISaJSSION 
'!he :p.n:pose of this research was to further characterize the 
suppression of neutrq;:.hil :function from cattle persistently infected with 
BVD virus, arrl to examine the effect of rboIFN gannna and rboII2 on the 
furci:ion of neutrq:hils arrl lynpiocytes from these cattle. The results of 
this '\oio10rk add to the bcxly of infonnation on suppression of bovine 
neutrq:hils arrl lynpiocytes arrl the enhan.cenalt of function by recombinant 
cytokines in infectious diseases of cattle. 
'll1e first objective of this research was to adapt fluorornetric 
kinetic neut:rc:pril functional assays for use in bovine neutrophil 
research. 'Ihe fluoranetric assays neasure the oxidative burst, elastase 
release arrl cytc:plasmic calcimn flux. 'Ihese assays have been used for 
examination of human but not bovine neutrophils (5,6,11) . A comparison 
was made of the response of human arrl bovine neutrophils to various 
neutrq:hil stirnuli using these assays. Several interesting observations 
were made. cytochalasin B is a drug c:x::umronly used to pretreat neutrophils 
to inhibit microfilarnents forcing stimulated neutrophils to release 
granule enzymes extracellularly (4). In bovine neutrophils, the 
cytochalasin B alone caused elastase to be released extracellularly from 
granules. '!he results of elastase release in bovine neutrophils in 
response to cytochalasin B is variable; the reason for the variability is 
unclear. In addition, the cytochalasin B stinrulated an increase in 
intracellular calcimn. 'Ihis response was not observed in human 
neutro{i'rils. Another interesting carrparison is the response of human and 
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bovine neutrq::hils to Itiorbol myristate acetate. FMA stimulates protein 
kinase c in:ieperrlent of cell surface receptors (8). Hlman neutrophils 
were stinulated by fMA to release elastase arrl to produce superoxide anion 
withalt a detectable increase in cytoplasmic calcil..llll (7,12,13) . Bovine 
neutrc:prils produced supe:roxide anion in response to FMA and did not have 
a detectable increase in cytoplasmic calcil..llll; however, there was no 
detectable release of elastase in response to FMA. Another difference 
observed was the total elastase activity of hurnan arrl bovine neutrophils. 
Bovine neutrqirils have been reported to have nn.ich less activity than 
hurnan neutrc:prils for several other granule enzymes ( 3) . Concanaval in A 
weakly stimulated supe:roxide anion production in human neutrophils but not 
bovine. '!he response to zynosan opsonized with fresh sennn was similar in 
bovine arxi human neutrc.ptlls for all three assays. Opsonized zymosan (OZ) 
is a particulate stinuli arxi birrl.s to the C3b receptor; the responses to 
oz were consistent. 
'!he reason for the differences in the response to various stimuli is 
\.D1Clear. '!he signal transduction pathway for bovine neutrophils has not 
been thoroughly investigated. It will be interesting to compare the 
bovine arxi human neutrophils once those details are known. 
Usi.nq these assays in addition to the traditional neutrophil 
ftmctional assays, the defective neutrophil function in cattle 
persistently infected with BVD was further characterized. In addition, 
the effect of recombinant cytokines (rboIFN gamma and rbo12) on neutrophil 
arrl lynP'locyte functions was examined. 
In this research, additional neutrophil functions were observed t o be 
suppressed in cattle persistently infected with BVD virus. Consistent 
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with previous reports, lymphocyte blastogenesis in response to Con A, PHA 
an:l FWM was SUl=Pressed. 
Incubation of neutrophils with rboIFN garrana was able to enhance 
many of the SUl=Pressed functions. cyt:q)lasmic calcium flux is an 
i.np:>rtant initial event in neutrophil function; this response is 
SUl=Pressed in neutrophils fran cattle persistently infected with BVD. 
Incubation with rboIFN garrana inproved the cytoplasmic calcium flux of 
neutrophils fran cattle persistently infected with BVD virus. It is 
possible that improved cytoplasmic calcium flux contributed to the 
improvement of other ftmctions. '!he reason for enhanced cytoplasmic 
calcium flux was not determined; it may be related to receptor numbers or 
any other step aloTlg' the signal transduction pathway resulting in 
increased cytoplasmic calcium concentration. 
Lyntxiocyte blastogenesis was not inproved by the incubation of 
lynpicx:ytes with rbo!L2. '!he rboIL2 had some mitogenic activity itself, 
but the response to rboIL2 an:l mitogen was not additive. 'Ibis suggest ed 
that the SUl=Pression of function was not due to an inability to produce or 
secrete IL2, an:l the defect is still unknown. 
Based on human literature, neutroph.ils an:l lymphocytes use similar 
signal transduction pathways, an:l it is possible that the defect in cattle 
persistently infected with BVD is similar in the two cell types (1,2, 9) . 
Certain cbvious areas to examine include receptor, number am affinity, 
fonnation of products alorg the signal transduction pathway, am the 
calcium flux in lymphocytes. 
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